Introduction
============

Pharmacotherapy for glaucoma and ocular hypertension aims to lower intraocular pressure (IOP) to a target IOP level that is likely to be low enough to avoid the progression of glaucomatous optic neuropathy or the conversion from ocular hypertension to glaucoma. Usually medical treatment is initiated with a single topical hypotensive agent, a regimen that is also recommended by the European Glaucoma Society (EGS).[@b1-opth-11-1051] Monotherapy, however, may be insufficient in many patients, because target pressure is not achieved and/or glaucoma progression cannot be prevented by use of a single agent. In those eyes a combination therapy is indicated.[@b1-opth-11-1051] In Denmark, 40% of patients are treated with a combination of antiglaucoma drugs,[@b2-opth-11-1051] while in 2010 in Germany, 22.5% of all prescriptions for the treatment of patients with glaucoma and ocular hypertension covered by the social health insurances were fixed combinations.[@b3-opth-11-1051] The Ocular Hypertensive Treatment Study showed that after a treatment period of 5 years, about 40% of patients require two medications to achieve a 20% IOP reduction from baseline, and additional 9% of the patients needed three or more medications.[@b4-opth-11-1051] Thus, many glaucoma patients require a combination of different medications for adequate IOP control. A combination of drugs from different classes with various modes of actions can be applied either as two separate medications or as a fixed combination. Fixed combinations provide numerous potential benefits when compared with nonfixed combinations: they require fewer drops to be applied compared with nonfixed combinations and, thus, may improve adherence, providing a lower risk for washout compared with a subsequent instillation of medications and decrease the exposure to preservatives.[@b5-opth-11-1051]--[@b8-opth-11-1051] A recently published clinical study confirms that the fixed combination of tafluprost 0.0015% and timolol 0.5% is equivalent to the nonfixed combination of tafluprost 0.0015% and timolol 0.5% dosed concomitantly in terms of IOP control and safety.[@b9-opth-11-1051] Furthermore, it was shown that this preservative-free fixed combination is superior to both preservative-free tafluprost 0.0015% and preservative-free timolol 0.5%.[@b10-opth-11-1051]

Benzalkonium chloride (BAK) is widely used in glaucoma eyedrops as a preservative. BAK, however, is proapoptotic, proinflammatory and it causes damage of the tear film by disrupting the lipid layer and shows a negative impact on the number of conjunctival goblet cells.[@b11-opth-11-1051]--[@b16-opth-11-1051] These negative effects of BAK and the related clinical symptoms may be avoided by using preservative-free formulations.[@b17-opth-11-1051]--[@b19-opth-11-1051] Tafluprost was the first prostaglandin analog (PGA) that became available in a preservative-free formulation. The preservative-free fixed combination of this PGA and timolol may also offer benefits for some glaucoma patients. The present observational study was designed to evaluate the IOP-lowering efficacy, tolerability and safety of the preservative-free fixed combination of tafluprost 0.0015%/timolol 0.5% ophthalmic solution in a natural clinical setting under real-life conditions in patients with open-angle glaucoma or ocular hypertension.

Material and methods
====================

Study design
------------

This prospective, observational open-label multicenter study was conducted in 311 centers (office-based ophthalmologists) in Germany between January 2015 and September 2015. Each center provided anonymous data of up to five patients with ocular hypertension or glaucoma. The decision for initiating medical treatment with the preservative-free fixed combination of tafluprost 0.0015% and timolol 0.5% (Taptiqom) or the change of a prior medication to the preservative-free tafluprost/timolol fixed combination was based on the decision of the physician, and the reasons for changing medical therapy (eg, insufficient IOP-lowering effect of prior medication, progression or conversion, poor tolerability of prior medication, compliance issues) were recorded. German health authorities such as the Federal Institute for Medicinal Products (BfArM), the German Medical Association and the National Associations of Statutory and Private Health Insurance Funds were notified about the study prior to the start according to the rules for conducting observational studies in Germany. German law does not require informed consent and ethics approval for these types of studies. Patients with glaucoma or ocular hypertension who required a change of medication or treatment-naïve patients were followed for 4--16 weeks after changing medication to, or initiation of treatment with, the preservative-free tafluprost/timolol fixed combination once daily. At baseline, demographics, diagnoses and information on prior medical treatment were recorded and IOP readings, clinical signs and subjective symptoms were documented. IOP measurements were made for each eye at baseline (on prior treatment or without treatment in naïve patients) and also at final visit 4--16 weeks after changing prior medication or the initiation of the medical treatment with the preservative-free tafluprost/timolol fixed combination. No washout period was required because of the observational type of the study. IOP readings were performed using only Goldmann applanation tonometry. Due to the observational character of the study no instructions beside the summary of product characteristics for Taptiqom (summary of product characteristics \[SmPC\]) were given to the participating ophthalmologists especially concerning the time of IOP measurements during the day and the time point for the administration of the medication during the day (evening or morning dose).

The clinical signs such as conjunctival hyperemia and lid-parallel conjunctival folds (LIPCOF) were determined by using reference photographs. Conjunctival hyperemia was evaluated with a four-point scale (none, mild, moderate, severe) and LIPCOF with a five-point grading scale (LIPCOF 0--4). Conjunctival staining was assessed subjectively without reference photographs by using a four-point scale (none, light, medium, intense). The severity of subjective symptoms such as dry eye sensation, irritation, itching, foreign body sensation and eye pain were evaluated at baseline and final visit. The patients were asked by the physician to rate these subjective symptoms on a four-step scale (none, mild, moderate, severe). Overall the local tolerance of the preservative-free tafluprost/timolol fixed combination was evaluated at the final visit using a four-step scale (very good, good, satisfactory, bad). At the final visit, efficacy and clinical signs were compared to the prior medical treatment in patients that were switched to the preservative-free tafluprost/timolol fixed combination (better, same or worse as compared to prior treatment). The main outcome measure of this study was the change of IOP from baseline to the final visit. Secondary outcome measures included the evaluation of the change of clinical signs and subjective symptoms from baseline to final visit and the adverse events reported during the study.

Patients and statistics
-----------------------

The study included patients with different types of glaucoma and ocular hypertension, primarily those with insufficient IOP control and tolerability issues with prior medical therapy. In total, 1,157 patients met the inclusion criteria and were eligible for the evaluation. Patients were excluded from the evaluation with a follow-up period between baseline and final visit of \<4 weeks or \>16 weeks. For the evaluation of efficacy, clinical signs, subjective symptoms and local comfort, patients were included who were treated with the preservative-free tafluprost/timolol fixed combination as the only medication at the final visit (N=1,075). IOP values after treatment with the preservative-free tafluprost/timolol fixed combination were compared to IOP values at baseline with paired *t*-tests. In case both eyes were treated, the eye with the higher baseline IOP was included in the IOP analysis. Bowker's test of symmetry was used for statistical evaluation of changes of clinical signs (hyperemia) and subjective symptoms. All statistical evaluations were done in Excel and by using in-house statistical software. All adverse reactions and terminations of medical treatment with the preservative-free tafluprost/timolol fixed combination were recorded.

Results
=======

Prior medical therapy and patient demographics
----------------------------------------------

The majority of patients were on medical glaucoma therapy at baseline (88.9%). One hundred twenty-eight patients (11.1%) were naïve to treatment. Most patients were treated with a monotherapy prior to enrollment (51.9%), most frequently with a PGA (29.4%). Four hundred and twenty-nine patients (37.1%) were treated with either fixed or nonfixed combinations. An overview of patients enrolled in the study by treatment is summarized in [Table 1](#t1-opth-11-1051){ref-type="table"}.

The mean age of the patients was 67.8±12.8 years (range: 21--104 years). As shown in [Table 2](#t2-opth-11-1051){ref-type="table"}, the majority of patients were female and suffered from primary open-angle glaucoma (70.9%) or ocular hypertension (11.5%).

### Reasons for changing prior medication

Insufficient IOP-lowering effect assessed by the investigator was the most frequent reason for changing medication accounting for 72.0% of changes, followed by poor local tolerability (33.3%), progression of glaucoma, lack of compliance and a conversion from ocular hypertension to glaucoma. Details are shown in [Figure 1](#f1-opth-11-1051){ref-type="fig"}.

### Effect on IOP

In the patient population that was used for the efficacy evaluation (N=1,075), the mean IOP was significantly reduced from 21.4±4.6 mmHg at baseline to 16.5±3.4 mmHg at final visit (*P*\<0.001) after initiation or change of medical therapy to the preservative-free tafluprost/timolol fixed combination. Among all patients (N=1,075) an IOP reduction of ≥20% compared to baseline was achieved by 56.5%, of ≥30% by 25.7% and ≥40% by 10.3% of the patients. In the subgroup of treatment-naïve patients, IOP reduction of ≥20, ≥30 and ≥40% was achieved by 88.2, 53.5 and 27.6% of the patients, respectively.

Overall the IOP was lower at the final visit compared to the IOP at baseline in 89.5% of the eyes, equal in 5.1% and higher in 5.4% of all eyes ([Figure 2](#f2-opth-11-1051){ref-type="fig"}).

IOP in treatment-naïve patients and patients with prior monotherapy
-------------------------------------------------------------------

In treatment-naïve patients mean IOP decreased from 25.8±5.5 to 16.9±2.9 mmHg (*P*\<0.001) after initiation of medical treatment (−34.3%). In patients with prior PGA monotherapy, mean IOP was decreased from 21.0±3.7 mmHg at baseline to 16.3±3.6 mmHg (−22.3%; *P*\<0.001), in patients with prior beta-blockers from 22.4±3.3 to 16.7±2.7 mmHg (−25.4%; *P*\<0.001), in patients with prior carbonic anhydrase inhibitors from 20.9±3.7 to 15.7±2.8 mmHg (−25.0%; *P*\<0.001) and in patients with prior alpha-2-agonists from 23.1±5.1 to 16.7±3.4 mmHg (−27.6%; *P*\<0.001), respectively. In [Figure 3](#f3-opth-11-1051){ref-type="fig"}, the mean IOP ± SD is shown for treatment-naïve patients and the subgroups of patients with prior monotherapy.

In patients who were treated with a PGA monotherapy prior to change of medication, mean IOP was lowered from 21.1±3.4 to 16.4±3.2 mmHg (−22.3%), in patients with prior preserved latanoprost from 20.9±3.3 to 16.2±2.9 mmHg (−22.6%), in patients with prior preservative-free latanoprost from 21.4±3.5 to 16.7±3.8 mmHg (−21.7%), in patients with prior preserved bimatoprost from 20.3±4.2 to 16.2±5.0 mmHg (−20.4%), in patients with prior preserved travoprost from 21.9±4.3 to 15.9±3.3 mmHg (−27.1%), in patients with prior preserved tafluprost from 20.2±2.9 to 16.6±3.5 mmHg (−18.0%) and in patients with prior preservative-free tafluprost from 21.2±3.9 to 16.1±3.0 mmHg (−24.0%), respectively ([Figure 4](#f4-opth-11-1051){ref-type="fig"}). The IOP reduction was significant compared to the baseline pressure (*P*\<0.001) in each of these PGA monotherapy subgroups. Furthermore, two patients were treated with preservative-free bimato-prost prior to change of medication. IOP decreased in both patients from 17 to 15 mmHg and from 18 to 15 mmHg, respectively. Due to the small sample size these two patients are not included in the statistical evaluation and are not shown in [Figure 4](#f4-opth-11-1051){ref-type="fig"}.

IOP in patients with prior fixed combinations
---------------------------------------------

Two hundred and thirty-eight patients were switched from prior treatment with a fixed combination. Of these 238 patients, 163 patients were treated with a prostaglandin/beta-blocker fixed combination, 66 patients with a carbonic anhydrase inhibitor/beta-blocker fixed combination and nine patients with other fixed combinations (three patients with pilocarpine/beta-blocker fixed combination and six patients with an alpha-2-agonist/beta-blocker fixed combination). The results for the subgroups of patients with prior fixed combinations who were switched to the preservative-free tafluprost/timolol fixed combination as the only medication at final visit are shown in [Figure 5](#f5-opth-11-1051){ref-type="fig"}. The preservative-free fixed combination lowered mean IOP in patients with prior PGA/beta-blocker from 19.1±4.1 mmHg at baseline to 16.7±3.1 mmHg at final visit (−12.7%; *P*\<0.001), in patients with prior carbonic anhydrase inhibitor/beta-blocker fixed combination from 20.7±4.2 to 16.7±2.9 mmHg (−19.3%; *P*\<0.001) and in patients with other fixed combinations from 21.7±4.1 to 15.9±2.3 mmHg (−26.7%; *P*=0.007). Mean IOP was lowered in all preserved fixed combinations of a PGA and timolol between 3.2 and 2.1 mmHg. Details for the different preserved fixed combinations of PGAs and timolol are shown in [Figure 6](#f6-opth-11-1051){ref-type="fig"}. In addition, mean IOP in a small subset of patients (N=7) with prior preservative-free bimatoprost/timolol fixed combination decreased from 15.7±3.2 mmHg at baseline to 14.9±2.3 mmHg at the final visit (−5.1%). The difference in this small sample size demonstrated no statistical significance (*P*=0.29).

IOP in patients with prior nonfixed combinations
------------------------------------------------

Overall 97 patients were treated with a nonfixed combination of two active ingredients before changing medication. In addition, 35 patients were treated with a nonfixed combination of three and more active ingredients. In the subgroup of patients with a nonfixed combination of two active ingredients, most patients (N=55) were treated with a nonfixed combination of a PGA + beta-blocker and with a PGA + carbonic anhydrase inhibitor (N=18). The results for these patients are shown in [Figure 7](#f7-opth-11-1051){ref-type="fig"}. After changing medication, mean IOP was lowered in patients with prior PGA + beta-blocker from 18.7±3.3 mmHg at baseline to 16.0±3.2 mmHg (−14.4%; *P*\<0.001), in patients with prior PGA + carbonic anhydrase inhibitor from 20.8±3.7 to 17.2±4.7 mmHg (−17.6%; *P*=0.007) and in patients with prior nonfixed combination of three and more active ingredients from 20.8±6.3 to 17.8±7.2 mmHg (−14.3%; *P*=0.005), respectively.

Effect of baseline IOP levels on the decrease of IOP
----------------------------------------------------

The subgroup of treatment-naïve patients was stratified by the level of baseline IOP: the IOP-lowering effect of the preservative-free tafluprost/timolol fixed combination was highly dependent on the baseline pressure ([Figure 8](#f8-opth-11-1051){ref-type="fig"}).

Development of clinical signs and ocular symptoms
-------------------------------------------------

### Clinical signs

Overall the clinical signs (hyperemia, staining and LIPCOF) improved from baseline to the final visit: the development of the severity of hyperemia is shown in [Figure 9](#f9-opth-11-1051){ref-type="fig"} for all patients with prior medical treatment (N=948), for treatment-naïve patients (N=127) and for specific subgroups of patients. At baseline conjunctival hyperemia was present in 65.5% of all patients with prior medical treatment. 5.5% of all patients with prior treatment had severe hyperemia at baseline. At the final visit conjunctival hyperemia was observed in 49.5% of all patients with prior medical treatment, and the percentage of patients suffering from a severe hyperemia decreased to 0.7%. The analysis of conjunctival hyperemia for the different subgroups indicates that this clinical sign is more frequent in patient subgroups with prior medical treatments that include PGAs (either as monotherapy treatment regimens, fixed or nonfixed combinations). In all these patient subgroups a significant improvement of the severity was observed after changing medication ([Figure 9](#f9-opth-11-1051){ref-type="fig"}). In the treatment-naïve patient population, the percentage of patients with mild and moderate conjunctival hyperemia grading increased slightly from 22.0 to 31.5%. No severe conjunctival hyperemia was observed, either at baseline or at final visit in this patient subgroup ([Figure 9](#f9-opth-11-1051){ref-type="fig"}).

The development of staining and LIPCOF is shown in [Figures 10](#f10-opth-11-1051){ref-type="fig"} and [11](#f11-opth-11-1051){ref-type="fig"} for all patients with prior medical treatment, treatment-naïve patients and for different subgroups of patients.

Overall, improvements were also present for these two parameters. At baseline, conjunctival staining was present in 30.9% of all patients with prior medical treatment (19.4% light, 10.2% medium and 1.3% intense). After change of medication to the preservative-free tafluprost/timolol fixed combination, the presence of conjunctival staining decreased to 21.7% (18.6% light, 3.6% medium and 0.1% intense). Intense staining was more frequent in the subgroups of patients with prior PGA/timolol fixed- (1.2%) and nonfixed combinations (3.6%). Changes in conjunctival staining were found to be statistically significant (*P*\<0.01) in all patients with prior medical treatment, patients with prior PGAs and patients with prior PGA/timolol fixed combinations. No significant changes were found for the subgroups of treatment-naïve patients and patients with prior nonfixed combinations of PGAs and beta-blockers. LIPCOF were present at baseline in 59.9% of all patients with prior medical therapy. This percentage decreased significantly after change of medication to the preservative-free tafluprost/timolol fixed combination to 54.1%. Further details for LIPCOF are shown in [Figure 11](#f11-opth-11-1051){ref-type="fig"}.

Ocular symptoms and local tolerability
--------------------------------------

At baseline, dry eye symptoms, irritation, itching, foreign body sensation and eye pain were reported by 56.4, 54.0, 36.0, 40.0 and 18.0% of patients with prior medical therapy, respectively. Both the frequency and severity of these ocular symptoms improved significantly by the final examination compared to baseline (*P*\<0.001) ([Figure 12](#f12-opth-11-1051){ref-type="fig"}). At final visit, dry eye symptoms, irritation, itching, foreign body sensation and eye pain were reported by 45.6, 33.3, 21.7, 22.4 and 8.9%, respectively.

In the subgroup of treatment-naïve patients, dry eye symptoms, irritation, itching, foreign body sensation and eye pain were reported by 26.8, 12.6, 5.5, 9.4 and 1.6% of patients. Frequency and severity of these ocular symptoms increased slightly by the final examination compared to baseline. However, the difference was not statistically significant ([Figure 13](#f13-opth-11-1051){ref-type="fig"}).

Local tolerability of the preservative-free tafluprost/timolol fixed combination was rated as "very good" or "good" by 88.8% of all physicians for their patients and by 90.6% of the patients at the final visit.

### Safety and terminations of treatment

Few adverse reactions were associated with the use of the preservative-free fixed combination leading to the termination of medical treatment during the observational study. One thousand and seventy-two patients (92.7%) completed the study and continued with their medical treatment with the preservative-free fixed combination after final visit, either as the only medication or in combination with other glaucoma products. Twenty-five patients (2.2%) terminated the treatment because of a lack of efficacy, 29 patients (2.5%) because of tolerability issues, most frequently conjunctival hyperemia (nine patients; 0.8%) and seven patients (0.6%) because of systemic intolerance. Only 0.3% of patients had handling issues with the unit doses, which led to the discontinuation of treatment. All details for the adverse events and terminations of treatment are shown in [Table 3](#t3-opth-11-1051){ref-type="table"}.

Discussion
==========

The preservative-free tafluprost/timolol fixed combination lowered IOP effectively and statistically significantly in the overall study population of patients, in treatment-naïve patients and in the different subgroups by prior medical treatment: in all patients who were treated with the preservative-free tafluprost/timolol fixed combination as the only medication at the final visit (N=1,075), mean IOP decreased significantly at final visit versus baseline by 4.9 mmHg (−22.9%). At the final visit, individual IOPs were lower compared with baseline in 89.5% eyes, unchanged in 5.1% eyes and higher in 5.4% eyes. Interestingly, the IOP response seems to be dependent on the baseline IOP levels, which confirms earlier results: eyes with higher baseline IOP levels showed a higher absolute response and percentage IOP decrease as compared to eyes with lower baseline IOP levels.[@b20-opth-11-1051] This result was found for patients with prior medical treatment and also for the subgroup of treatment-naïve patients. This finding seems to be particularly important for any outpatient glaucoma management, because in patients who require a switch to a combination therapy, usually no washout period is conducted. In the patient subgroup of treatment-naïve patients, mean IOP at baseline decreased significantly from 25.8±5.5 to 16.9±2.9 mmHg at final visit (−34.3%). Furthermore, the results of the subanalysis by baseline IOP levels in this subgroup of treatment-naïve patients confirmed that the greatest response to the preservative-free tafluprost/timolol fixed combination is obtained in patients with higher baseline IOP levels. This finding is consistent with the results of a meta-analysis of double-masked, controlled phase III studies with fixed combination products of prostaglandin and timolol published by Holló et al[@b20-opth-11-1051] and for other treatment options like selective laser trabeculoplasty.[@b21-opth-11-1051],[@b22-opth-11-1051] In the study of Holló a similar reduction in IOP of \~32%--36% from untreated baseline IOP levels between 24 and 29 mmHg was reported.[@b20-opth-11-1051] Furthermore, this meta-analysis revealed that IOP reductions of up to 40% and beyond could be achieved for untreated baseline pressures of 31 mmHg or higher. The present study demonstrated IOP reductions between 36.7 and 61.9% in patients with prior medical treatment and baseline IOP levels of \>31 mmHg. In the subgroup of treatment-naïve patients, IOP was reduced by 51.6% in patients with untreated baseline IOP levels of \>31 mmHg. In a study with the preservative-free fixed combination of bimatoprost and timolol, the IOP reduction was statistically significantly greater in treatment-naïve patients than in previously treated patients after a wash-out period. Mean IOP was reduced at various time points during the day between −8.7 and −9.8 mmHg after initiating medical treatment with the bimatoprost/timolol fixed combination.[@b23-opth-11-1051] These findings are comparable to the results of the present study with a mean reduction of IOP of 8.9 mmHg especially when considering the similar untreated baseline IOP levels. In another study comparing efficacy and safety of the preservative-free fixed combination of bimatoprost and timolol with the preserved formulation, Goldberg and co-workers found a similar IOP-lowering efficacy of both formulations of −9.16 to −7.98 mmHg for the bimatoprost/timolol preservative-free group, and from −9.03 to −7.72 for the preserved formulation. Between 86.3 and 90.6% of patients treated with the preservative-free bimatoprost/timolol fixed combination achieved at least a 20% IOP reduction at week 12.[@b24-opth-11-1051] These results are comparable to the findings of the present study in the subgroup of treatment-naïve patients.

The results of this open-label, multicenter observational study confirm earlier results that the preservative-free fixed combination tafluprost/timolol provides an effective IOP control in patients who are inadequately controlled on monotherapy, in patients with high baseline IOP levels and in patients who are sensitive to preservatives.[@b7-opth-11-1051]--[@b10-opth-11-1051],[@b20-opth-11-1051] Usually fixed combinations are used in patients inadequately managed on monotherapy or in patients with multiple treatment regimens to reduce the number of applications and thus to reduce the complexity of medical treatment.[@b1-opth-11-1051],[@b25-opth-11-1051],[@b26-opth-11-1051] Although fixed combinations are normally not used as a first-line treatment option, the EGS mentions that the use of fixed combinations may be considered in patients with high untreated baseline IOP levels, which are unlikely to achieve a sufficient target IOP level with a monotherapy treatment regimen.[@b1-opth-11-1051] In the present study a large proportion of patients were switched from monotherapy treatment regimens with PGAs, beta-blockers, alpha-2-agonists and topical carbonic anhydrase inhibitors to the preservative-free tafluprost/timolol fixed combination. In these patient groups mean IOP levels between 15.7 and 16.7 mmHg were achieved after changing medication. The preservative-free tafluprost/timolol fixed combination was found to provide significant additional IOP reduction in all of these subgroups of patients with prior monotherapy.

The preservative-free fixed combination was also effective in patients who were switched from nonfixed and fixed PGA/beta-blocker combinations: in patients who were switched from nonfixed PGA/beta-blocker combinations, mean IOP decreased from 18.7±3.3 mmHg at baseline to 16.0±3.2 mmHg (−14.4%). Mean IOP was also significantly lowered between 3.2 and 2.1 mmHg in patients with different preserved fixed combinations of PGAs and timolol with medicated baseline IOP levels between 18.4 and 20.2 mmHg. On average in this patient subgroup mean IOP was reduced from 19.1 mmHg at baseline to 16.7 mmHg (−12.7%) at final visit after the change of medication to the preservative-free tafluprost/timolol fixed combination. In a study evaluating the effects of a change of medication from a fixed combination of bimatoprost and timolol to a fixed combination of travoprost and timolol, mean IOP was reduced from 20.0 to 16.8 mmHg (−18.5%) after 12 weeks. Moreover, in this study, also no washout period was established between run-in period and final visit.[@b27-opth-11-1051] This IOP reduction is comparable to our results, even when considering the approximately 1 mmHg higher baseline IOP level.

In addition to efficacy, local tolerability and clinical signs are important factors for patients with chronic diseases such as glaucoma. Human and animal studies have shown that chronic topical glaucoma therapy preserved with BAK can be associated with alterations of the tear film, and that it provokes tear film instability, induces changes and damage of the ocular surface, and epithelial apoptosis, increases inflammatory cytokines and induces a loss of conjunctival goblet cells, and the outcome of glaucoma surgery is signifi-cantly worsened after prior treatment with BAK containing eye drops.[@b13-opth-11-1051],[@b15-opth-11-1051],[@b16-opth-11-1051],[@b29-opth-11-1051]--[@b33-opth-11-1051] Significant levels of BAK were found in iris, lens capsule or trabecular meshwork (TM) tissue of rabbits after topical exposure, thus confirming the penetration of BAK in deep ocular structures, with potential deleterious effects induced by this cytotoxic compound.[@b31-opth-11-1051],[@b32-opth-11-1051] Furthermore, it could be demonstrated in in vitro assays of cultured human TM tissues that BAK demonstrated a dose-dependent reduction in TM cell viability and that the BAK treatment appeared to cause elevated levels of MMP-9, a matrix metalloproteinase implicated in the pathogenesis of glaucoma.[@b33-opth-11-1051] These findings may be of specific importance in patients with more advanced stages of glaucoma requiring a combination therapy. Finally, there is evidence that the prevalence of ocular surface disorders is high in glaucoma patients: in a study by Leung et al, 59% of patients with open-angle glaucoma or ocular hypertension reported dry eye symptoms in at least one eye.[@b34-opth-11-1051] In another study by Erb et al, dry eye syndrome was diagnosed in 52.6% of glaucoma patients.[@b35-opth-11-1051] In both studies, the occurrence of dry eye syndrome increased with the number of preservative-containing antiglaucoma drugs used. After changing medication either from prior PGA monotherapy, PGA/timolol fixed or nonfixed combinations to the preservative-free tafluprost/timolol fixed combination, subjective symptoms and clinical signs such as hyperemia, LIPCOF and staining improved significantly in most patients. Results from this study suggest that patients with irritation of the ocular surface, subjective symptoms and clinical changes of the ocular surface may benefit from a change of medication to the preservative-free tafluprost/timolol fixed combination. Regarding local tolerability of glaucoma medications, clinical studies show that a relatively high proportion of glaucoma patients develop symptoms like burning and stinging, foreign body sensation, dry eye and irritation of the ocular surface. These ocular symptoms are reported significantly less often in patients receiving preservative-free preparations.[@b17-opth-11-1051],[@b18-opth-11-1051] In this study, subjective symptoms improved at final visit compared to baseline, especially in the subsets of patients treated with prior PGA monotherapy, PGA/timolol fixed and nonfixed combinations. The preservative-free tafluprost/timolol fixed combination was generally well tolerated and showed a favorable safety profile: 1,072 patients (92.7%) continued with their medication after final visit, which confirmed the findings from controlled clinical trials.[@b36-opth-11-1051]

This observational study is limited by its open-label design. Due to its observational nature, the study did not reveal any causal relationships. However, the study design of the present study may better reflect the treatment algorithms in day-to-day practice. The observed IOP reduction after switching might be ascribed not only to the improvement of subjective symptoms and clinical signs and thus a better compliance, but also to the patient population at baseline itself. However, regression to the mean cannot be ruled out because a control group was not used. Overall the preservative-free tafluprost/timolol fixed combination showed a favorable IOP-lowering effect over 12 weeks in all patient subgroups including treatment-naïve patients, thus representing an effective IOP-lowering alternative for patients who require lower target IOP levels and who would benefit from preservative-free eyedrops.

Conclusion
==========

The preservative-free fixed combination tafluprost/timolol was efficacious and well tolerated with a good safety profile in the diverse patient population of this observational study. The fixed combination provided further IOP reduction in patients with poor IOP control and/or poor tolerance of their medication prior to change of medication. Thus, the preservative-free fixed combination tafluprost/timolol provides a new well-tolerated and convenient therapeutic option, especially for patients whose IOP is uncontrolled with a monotherapy and for patients who are unable to tolerate preserved combination treatment regimens.
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![Reasons for changing medication to preservative-free tafluprost/timolol fixed combination.\
**Notes:** Reporting of multiple reasons for changing medication was possible. Percentages given above the bars based on N=1,029 patients with prior medication irrespective of treatment after change of medication. \*Insufficient IOP lowering effect of prior medication(s).\
**Abbreviation:** IOP, intraocular pressure.](opth-11-1051Fig1){#f1-opth-11-1051}

![IOP at baseline and at final visit in each individual patient irrespective of prior treatment with the preservative-free tafluprost/timolol fixed combination as the only medication at final visit (N=1,075).\
**Note:** IOP was lower at final visit in N=962 (89.5%) eyes (below the line), unchanged in N=55 (5.1%) eyes (on the line) and higher in N=58 (5.4%) eyes (above the line).\
**Abbreviation:** IOP, intraocular pressure.](opth-11-1051Fig2){#f2-opth-11-1051}

![Decrease of mean IOP (±SD) for different subgroups: Naïve patients (N=127) and patients with prior monotherapy with beta-blockers (N=163), PGAs (N=338), carbonic anhydrase inhibitors (N=48) and alpha-2-agonists (N=28) treated with the preservative-free tafluprost/timolol fixed combination as the only medication at final visit.\
**Note:** \**P*\<0.001.\
**Abbreviations:** CAIs, carbonic anhydrase inhibitors; IOP, intraocular pressure; PGAs, prostaglandin analogs; SD, standard deviation.](opth-11-1051Fig3){#f3-opth-11-1051}

![Decrease of mean IOP (±SD) in patients with prior monotherapy with different prostaglandin analogs: preserved latanoprost (Lat P; N=113), preservative-free latanoprost (Lat PF; N=59), preserved bimatoprost (Bim P; N=53), preserved travoprost (Tra P; N=40), preserved tafluprost (Taf P; N=34) and preservative-free tafluprost (Taf PF; N=37) treated with preservative-free tafluprost/timolol fixed combination as the only medication at final visit.\
**Note:** \**P*\<0.001.\
**Abbreviations:** IOP, intraocular pressure; SD, standard deviation.](opth-11-1051Fig4){#f4-opth-11-1051}

![Decrease of mean IOP (±SD) for different subgroups with prior fixed combinations: PGA/timolol (N=163), carbonic anhydrase inhibitor/timolol (N=66) and other fixed combinations (N=9) treated with preservative-free tafluprost/timolol fixed combination as the only medication at final visit.\
**Notes:** \**P*\<0.001, \*\**P*=0.007.\
**Abbreviations:** CAI, carbonic anhydrase inhibitor; FC, fixed combination; IOP, intra-ocular pressure; PGA, prostaglandin analog; SD, standard deviation; TIM, timolol.](opth-11-1051Fig5){#f5-opth-11-1051}

![Decrease of mean IOP (±SD) in patients with prior medical therapy with different preserved prostaglandin analog/timolol fixed combinations: latanoprost/timolol (N=47), bimatoprost/timolol (N=73) and travoprost/timolol (N=36) treated with the preservative-free tafluprost/timolol fixed combination as the only medication at final visit.\
**Notes:** \**P*\<0.001, \*\**P*=0.058.\
**Abbreviations:** BIM, bimatoprost; FC, fixed combination; IOP, intraocular pressure; LAT, latanoprost; SD, standard deviation; TRA, travoprost; TIM, timolol.](opth-11-1051Fig6){#f6-opth-11-1051}

![Decrease of mean IOP (±SD) for different subgroups with prior non-fixed combinations: PGA + beta-blocker (N=55), PGA + carbonic anhydrase inhibitor (N=18) and nonfixed combinations of three different products (N=35) treated with the preservative-free tafluprost/timolol fixed combination as the only medication at final visit.\
**Notes:** \**P*\<0.001, \*\**P*=0.007, \*\*\**P*=0.005.\
**Abbreviations:** CAI, carbonic anhydrase inhibitor; IOP, intraocular pressure; NFC, non-fixed combination; PGA, prostaglandin analog; SD, standard deviation.](opth-11-1051Fig7){#f7-opth-11-1051}

![Decrease of IOP (mmHg) from different baseline IOP levels in treatment-naïve patients after initiation of medical treatment with the preservative-free tafluprost/timolol fixed combination (N=127).\
**Note:** Numbers in brackets indicate numbers of patients, percentages below bars indicate percentage decrease of IOP for each baseline IOP level.\
**Abbreviation:** IOP, intraocular pressure.](opth-11-1051Fig8){#f8-opth-11-1051}

![Conjunctival hyperemia at baseline and after initiation of medical therapy with or change of medication in patients treated with the preservative-free tafluprost/timolol fixed combination as the only medication at final visit: All patients with prior medical therapy (N=948), naïve patients (N=127), patients with prior PGA monotherapy (N=338), patients with prior fixed combination PGA/timolol (N=163) and patients with prior non-fixed combinations of a PGA and timolol (N=55).\
**Abbreviations:** BL, baseline; FC, fixed combination; NFC, nonfixed combination; FV, final visit; PGA, prostaglandin analog; TIM, timolol; N/D, no data; ns, not significant.](opth-11-1051Fig9){#f9-opth-11-1051}

![Conjunctival staining at baseline and after initiation of medical therapy with or change of medication in patients treated with preservative-free tafluprost/timolol fixed combination as the only medication at final visit: All patients with prior medical therapy (N=948), naïve patients (N=127), patients with prior PGA monotherapy (N=338), patients with prior fixed combination PGA/timolol (N=163) and patients with prior nonfixed combination of a PGA and timolol (N=55).\
**Abbreviations:** BL, baseline; FC, fixed combination; NFC, nonfixed combination; FV, final visit; PGA, prostaglandin analog; TIM, timolol; N/D, no data; ns, not significant.](opth-11-1051Fig10){#f10-opth-11-1051}

![Grading of lid-parallel conjunctival folds at baseline and after initiation of medical therapy with or change of medication in patients treated with preservative-free tafluprost/timolol fixed combination as the only medication at final visit: All patients with prior medical therapy (N=948), naïve patients (N=127), patients with prior PGA monotherapy (N=338), patients with prior fixed combination PGA/timolol (N=163) and patients with prior nonfixed combination of a PGA and timolol (N=55).\
**Abbreviations:** BL, baseline; FC, fixed combination; FV, final visit; NFC, nonfixed combination; PGA, prostaglandin analog; TIM, timolol; N/D, no data; ns, not significant.](opth-11-1051Fig11){#f11-opth-11-1051}

![Severity of ocular symptoms in patients with prior medical treatment at baseline and after change of medication to the preservative-free tafluprost/timolol fixed combination (N=948).\
**Abbreviations:** BL, baseline; FV, final visit; N/D, no data.](opth-11-1051Fig12){#f12-opth-11-1051}

![Severity of ocular symptoms in treatment naïve patients at baseline and at final visit after initiation of medical treatment with the preservative-free tafluprost/timolol fixed combination (N=127).\
**Abbreviations:** BL, baseline; FV, final visit; N/D, no data; ns, not significant.](opth-11-1051Fig13){#f13-opth-11-1051}

###### 

Treatment regimens before and after initiating treatment with the preservative-free fixed combination tafluprost 0.0015%/timolol 0.5%

  Type of treatment/active agent          PF TTFC only   PF TTFC adjunctive   Total
  --------------------------------------- -------------- -------------------- -------
  Naïve patients                          127            1                    128
  **Monotherapy**                         578            22                   600
  Beta-blocker                            163            1                    164
  PGA                                     338            2                    340
  CAI                                     48             12                   60
  Alpha-2-agonist                         28             7                    35
  Miotic                                  1              0                    1
  **Nonfixed combinations, two agents**   97             23                   120
  PGA + beta-blocker                      55             1                    56
  PGA + CAI                               18             11                   29
  PGA + alpha-2-agonist                   7              9                    16
  CAI + beta-blocker                      8              0                    8
  CAI + alpha-2-agonist                   2              0                    2
  Alpha-2-agonist + beta-blocker          6              1                    7
  Alpha-2-agonist + miotic                0              1                    1
  PGA + miotic                            1              0                    1
  **Fixed combinations, two agents**      238            4                    242
  Latanoprost/timolol                     47             1                    48
  Bimatoprost/timolol                     80             0                    80
  Travoprost/timolol                      36             0                    36
  Dorzolamide/timolol                     50             1                    51
  Brinzolamide/timolol                    16             0                    16
  Brimonidine/timolol                     6              0                    6
  Brinzolamide/brimonidine                0              2                    2
  Miotic/timolol                          3              0                    3
  **Nonfixed combinations,**              35             32                   67
  ≥**3 active agents**                                                        
  ≥3 active agents                        35             32                   67
  Total                                   1,075          82                   1,157

**Abbreviations:** CAI, carbonic anhydrase inhibitor; PGA, prostaglandin analog; PF TTFC, preservative-free tafluprost/timolol fixed combination.

###### 

Patient characteristics of the patient population (N=1,157) included in the observational study with the preservative-free fixed combination of tafluprost 0.0015% and timolol 0.5%

  Parameter   N         \%
  ----------- --------- ------
  Gender                
   Female     688       59.5
   Male       469       40.5
  Diagnosis             
   POAG       820       70.9
   OH         133       11.5
   NTG        81        7.0
   PEX        73        6.3
   PG         18        1.6
   Other      32        2.8
  Age                   
   Range      21--104   
   Mean       67.8      
   SD         12.8      
   N/D        n=5       

**Abbreviations:** NTG, normal tension glaucoma; N/D, no data; OH, ocular hypertension; PEX, exfoliative glaucoma; PG, pigmentary glaucoma; POAG, primary open-angle glaucoma; SD, standard deviation.

###### 

Adverse events and terminations of treatment for the overall study population (N=1,157)

  Reason for termination of treatment       Patients (N)   \%
  ----------------------------------------- -------------- -----
  Lack of efficacy (intraocular pressure)   25             2.2
  **Adverse events**                                       
  Systemic adverse events                   6              0.5
  Asthmatic disease                         1              0.1
  Beta-blocker contraindication             1              0.1
  Hair loss                                 1              0.1
  Hypertonia                                1              0.1
  Vertigo                                   1              0.1
  Vertigo, palpitation                      1              0.1
  **Systemic and local adverse events**     1              0.1
  Coughing, breathing issues, irritation    1              0.1
  **Local adverse events**                  29             2.5
  Hyperemia                                 3              0.3
  Hyperemia, chemosis                       1              0.1
  Hyperemia, foreign body sensation         1              0.1
  Hyperemia, eye pain                       1              0.1
  Hyperemia, dry eye sensation              1              0.1
  Hyperemia, allergy                        1              0.1
  Hyperemia, irritation                     1              0.1
  Blepharitis                               1              0.1
  Burning                                   6              0.5
  Burning, itching                          2              0.2
  Burning, stinging                         1              0.1
  Blurred vision, irritation                1              0.1
  Dry eye sensation                         1              0.1
  Dry eye sensation, itching                1              0.1
  Dry eye sensation, tired eyes             1              0.1
  Eye pain, irritation                      1              0.1
  Foreign body sensation                    1              0.1
  Irritation                                3              0.3
  Tearing, blurred vision                   1              0.1
  Handling issue unit doses                 3              0.3
  Compliance                                1              0.1
  Patient preference                        4              0.3
  Cost                                      1              0.1
  Unspecified reasons for termination       15             1.3
  Total terminations                        85             7.3

**Note:** These also include patients who were treated concomitantly with the preservative-free tafluprost/timolol fixed combination at final visit.
